Purpose. To evaluate the incidence and risk factors of periprosthetic joint infection (PJI) in patients undergoing total knee arthroplasty (TKA) in a highvolume hospital. Methods. Records of 1133 primary TKAs were reviewed. Correlation between surgery volume and infection rate was determined. Risk factors for PJI were identified using case-control analysis of variables. TKAs performed between October 2012 and March 2013 without infection were used as controls. Results. Of 1133 TKAs, 8 (0.71%) PJI occurred. The organisms involved were Staphylococcus aureus (n=4), coagulase-negative staphylococci (n=2), Pseudomonas aeruginosa (n=1), and methicillin-resistant S aureus (n=1). In the 6-month period chosen as the control period, one (0.52%) out of 192 TKAs developed PJI. Hospital annual volume did not correlate with infection rate (p=0.766). Significant risk factors included young age, comorbidities such as diabetes,
drapes have been used to reduce the risk of PJI. The incidence of PJI has been reported to be 0.31 to 1.81%. [7] [8] [9] [10] [11] [12] [13] [14] Risk factors include patients factors such as young age, male sex, high body mass index, diabetes mellitus, preoperative comorbidities, previous knee surgeries, and rheumatoid arthritis, [7] [8] [9] [10] [11] [12] [13] 15, 16 as well as surgical factors such as operative time, surgeon volume, and hospital volume. 9, 11, 14, [16] [17] [18] [19] [20] A low hospital volume has been associated with a higher risk of PJI. 10, 14, 16, 17, 20 However, one study reported a higher risk in hospitals with an annual volume of >200 cases compared with hospitals with an annual volume of <100 cases. 11 This study evaluated the incidence and risk factors of PJI in patients undergoing TKA in a high-volume hospital. . Surgery was through the medial parapatellar approach; blood tourniquet was used until wound dressing; skin was closed with staples and compressive wound dressing. A drain was used and routinely removed on postoperative day 1. The prophylactic antibiotic regimen was intravenous cephazolin 1 g on induction, then 1 g 8-hourly for 2 doses post surgery. Intravenous vancomycin 500 mg infusion over 2 hours was used when patients were allergic to the penicillin group of antibiotics. Bodyexhaust suits, impermeable drapes, pulsatile lavage, and simple cement were used.
Materials and Methods

Records
According to the Musculoskeletal Infection Society workgroup, 21 the diagnosis of PJI can be made when: (1) a sinus tract in communication with the implant is noted; (2) 2 separate fluid or tissue cultures from the joint yield a pathogen; or (3) at least 4 of the following 6 criteria are met: (1) elevated serum erythrocyte sedimentation rate (>30 mm/ hour) or C-reactive protein level (>10 mg/l), (2) any elevated leukocyte count in the synovial aspirate, (3) any increased percentage of polymorphonuclear leukocytes (PMN) in the synovial aspirate, (4) gross purulence in the synovial aspirate, (5) one fluid or tissue culture yielding a pathogen, or (6) frozen tissue sections with >5 PMNs per high power field in at least 5 fields.
Correlation between surgery volume and infection rate was based on the Pearson correlation coefficient. Risk factors for PJI were identified using case-control analysis of variables. TKAs performed between October 2012 and March 2013 without infection were used as controls. This period was chosen to allow a 'run-in' time of one year for the full compliance of the perioperative protocol of the newly established centre. Univariate analysis was performed using the Chi-square test for categorical variables and unpaired t-test for numerical variables. Multiple logistic regression analysis was performed to adjust for the confounding effects of multiple variables. A p value of <0.05 was considered statistically significant.
results
Of 1133 TKAs, 8 (0.71%) PJI occurred. From October 2011 to June 2014, the infection rate varied from 0.24% to 1.05% (Table 1 ). Of the 8 PJIs, 4 were diagnosed within 1 month of surgery, 3 at one to 3 months, and one at 8 months. Fever and discharging sinus each was present in 4 patients ( Table 2 ). The organisms involved were S aureus (n=4), coagulase-negative staphylococci (n=2), Pseudomonas aeruginosa (n=1), and methicillin-resistant S aureus (n=1). In the 6-month period chosen as the control period, one (0.52%) out of 192 TKAs developed PJI. Table 3 ). Six of the 8 patients with PJIs had at least one risk factor (Table 4) .
Nonetheless, the number of patient with infection was too small to have sufficient power to identify risk factors. A post-hoc calculation showed that 6692 patients would be required for an increase in infection rate from 0.35% to 0.7% to be significant with an alpha of 0.05 and 80% power. Younger age is a risk factor for PJI. Patients younger than 50 years are at a higher risk of PJI and secondary osteoarthritis. 10 Male sex is also a risk factor for PJI. [10] [11] [12] [13] 22 Gender differences in skin colonisation may result in differences in skin pH, sebum production, or skin thickness. 23 Diabetes is another risk factor, 7,10-12,15 particularly when it is poorly controlled. 12 Comorbidities such as anaemia, thyroid disease, heart disease, and lung disease are also risk factors for PJI, [8] [9] [10] 12, 22 although different comorbidities have been reported in different studies. Patients having more comorbidities are at higher risk of PJI. 8, 10 Dermatitis has not been reported to be a risk factor. However, one of our patients with infection had chronic skin plaques on the knee caused by psoriasis. The incision cut across the skin plaques, and PJI occurred within one month of surgery. Therefore, skin lesions should be treated before surgery.
Simultaneous bilateral TKA has been reported to be associated with lower risk 11 or higher risk 9 of PJI, whereas long operating time 9, 11, 13, 22 and low annual volume surgeons are associated with a higher risk of PJI. 11, 14, 17, 18 The association between hospital volume and infection rate is controversial. 11, 17 Hospital volume appears less important than surgeon volume for risk of PJI and other complications.
Autologous blood transfusion is a risk factor for PJI. 9, 24 In our study, it was not a risk factor, possibly because of the low rate of transfusion (3%) owing to a high threshold for transfusion (haemoglobin level of 80 g/l). Rather, the presence of a soaked wound dressing was a marginal risk factor (p=0.051). Foley catheterisation or urinary tract infection is not a risk factor for PJI 15, 25 ; most cases of haematogenous spread are isolated cases. 26 Invasive procedures (dental extraction, endoscopy, laparoscopic surgery, and any open surgery unrelated to TKA within the followup period) are not risk factors, although there is a theoretical risk of haematogenous spread of bacteria. Despite this, the use of prophylactic antibiotics is advised.
There were limitations to this study. The lifetime incidence of PJI is not known. The mean follow-up period was just about 2 years. The infection rate was very low and relevant risk factors may not have been identified; a study with a larger sample size is required. The use of vancomycin as prophylaxis has been reported to be a risk factor. 27 Slow infusion of an insufficient dosage of vancomycin may fail to achieve an adequate serum concentration during surgery and may increase the risk of PJI. 27 Surgery volume for each surgeon was not analysed. >25% of TKAs were performed by trainees; the benefit of being a highvolume hospital could have been offset by the 'less than expected' volume of these trainee surgeons.
conclusion
Comorbidities are a risk factor for PJI. Perioperative optimisation of comorbidities and the use of antibioticloaded cement in patients with severe comorbidities should be considered.
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